Interdisciplinary Research (IDR) is described as a specific mode of collaboration: Besides the clash of different institutional cultures (e.g. different expectations/working processes), there is a clash of epistemic cultures (i.e. styles of thinking, different languages) [1] . Former research shows that the involved researchers demand an integrative knowledge management to support the expected integration of cultures [1] . In this paper two major aspects regarding integrative knowledge management for IDR are discussed. On the one hand the need for integrative knowledge management based on the researchers' perspective is depicted in the context of a use case. On the other hand the concept of a virtual mean is elaborated, which supports these needs. Both aspects underline the importance of a process-accompanying support in close coordination with the respective needs of the involved researchers.
INTRODUCTION

I.
Advocates of interdisciplinary research (IDR) argue that this special form of research collaboration has a positive influence on problem solving and knowledge production [2;3;4;5;6] . IDR is considered to meet today's complex problems -whether the motives derive from inner-scientific needs or society. Despite the argument of problem solving and knowledge production, advocates of IDR also point out challenges of the expected integration. Although terms of interdisciplinarity vary and expectations of this form of collaboration are heterogeneous, a consensus shows within the international discourse. This consensus displays integration as a central feature of interdisciplinarity [1] . The National Academies, for instance, state that interdisciplinarity is achieved only if an integration and a synthesis of ideas and methods take place [7] . A combination of concepts, theories, and methods is expected [8;9] . This means that gained insights are not only accumulated ex post, but are also integrated during the cooperation process by means of an overall view. Thus, "synergies" are expected to be formed [10] . Strina describes synergies as interaction of different powers, elements, and parts that, hence, allow more than would be possible due to the features of the single parts [11] . Even though the researchers involved have a significant role due to these conditions [4;5;12] , the characteristics and assessments of the researchers involved in interdisciplinary research networks are hardly investigated. We believe that this is an important gap to address, since it is the individual researcher who has to engage in research collaborations and develop scientific results [5] . Moreover, it is the individual researcher who is supposed to make an innovative contribution to solve today's complex problems. In contrast, the focus on the individual researchers' perspective provides wide-ranging implications for the design and effectiveness of interdisciplinary collaborations.
Against this background, different researchers of a complex interdisciplinary research cluster have been examined from various perspectives over an investigation period of five years [1] . A central result of this study shows that the researchers involved demand a knowledge management approach to support the expected integration. This so-called integrative knowledge management is a specific knowledge management in terms of the interdisciplinary vision. It comprises the continuous support of synchronization and adaption of the individual research activities with regard to the vision [1] . Integrative describes the assumption that a combination of various measures in a process-accompanying manner are of importance. These are developed, implemented and evaluated in a use case of an interdisciplinary research cluster (cf. Fig. 1 ) and can be grouped e.g. in virtual and physical measures. Based on this concept the question arises, which needs have to be fulfilled by the depicted measures in order to achieve an interdisciplinary integration.
As primary aim, this paper pursues the research question: Which needs of an integrative knowledge management are required from the researchers' perspective? To do so, chapter II describes both the choice of the research field, the research design and method as well as central results regarding needs from the involved researchers. The second aim of this paper is to present an exemplary virtual mean to support integrative knowledge management. Within the interdisciplinary research cluster, our object of investigation, the involved researchers demand a mean to initiate the exchange on acquiring a common understanding of terminologies. Thus, we outline Structure For our single case analysis, we selected an interdisciplinary research cluster as our object of investigation: The Cluster of Excellence (CoE) "Integrative Production Technology for High-Wage countries" at RWTH Aachen University. It was initiated by the German Research Foundation (DFG) and the German Council of Science and Humanities (WR) as part of the German excellence initiative. The consortium is located in Aachen and investigates the resolution of the polylemma of production [13] with various interdisciplinary partners from different faculties of RWTH Aachen University. The objective comprised ways to solve the tradeoff between scale and scope and between plan and value oriented production [14] . Within this CoE, many researchers from different university institutes, associated institutes, further non-university research institutions as well as different industrial and scientific advisors do research on a common vision. The aim is to develop a holistic theory of production by means of integrating economic, ecological, and social aspects. The CoE (cf. Fig. 2 as an overview of its structure) consists of twelve subprojects with about 180 researchers and 200 student assistants in total. Various scientific disciplines (mechanical engineering, material science, mathematics, business studies, communication science, computer science and psychology) are brought together by these researchers who have also obtained various degrees as far as their academic education is concerned. A common understanding of e.g. terminology, language, methods, competences and perceptions of success is needed in order to enable these diverse personnel to cooperate. For overcoming these challenges of interdisciplinary cooperation and for supporting the performance of interdisciplinary research consortia in general new approaches are needed in order to cross link the amount of different researchers and institutes and to transfer solutions between them [15] . Next to several collaborative projects from the field of production technology, the CoE therefore additionally comprises cross-sectional projects entrusted with this task, the "Cross Sectional Processes" (CSPs). Their task is to design, implement and constantly evaluate concepts of supporting the integration of the different disciplines into the CoE on a physical and virtual level [15;16] .
Research Gap and Research Design B.
Within the framework of this continuous evaluation within the CSPs we draw on a research gap. It is perceived that researchers take on a special role within the integration but they have not been interrogated about their perception yet [1] . The majority of empirical studies on IDR are based on bibliometric data [3;5;7;9;17;18;19;20;21] . This database forms the main core for evaluating the design and effectiveness of interdisciplinary collaborations. This aspect, however, is increasingly challenged with criticism within the current discourse. Millar, for instance, claims it is about time to interrogate the researchers involved as well as to investigate how this form of collaboration affects the cooperation process [22] . Long-term studies, thus, aim at gathering insights on how to develop and design the dynamic and complex cooperation processes [12] .
Our research contributes to this need by the use of a specific research design. It aims to obtain a view as extensive as possible on the heterogeneous researchers involved in interdisciplinary collaboration. Thus, the CoE has been examined from various perspectives over an investigation period of five years (2009) (2010) (2011) (2012) (2013) . In order to distinguish our study from quantitative procedures, neither antecedent nor theoretical concepts are examined, but rather concepts on the researchers' perception of interdisciplinary collaboration are reconstructed from the qualitative data [23] . We advocate the use of different datasets. In order to depict a sample that is as heterogeneous as possible following the principle of maximum structural variation, different researchers have been interrogated across all hierarchical levels in the course of the data collection process:
• 24] . In order to establish access to the data as well as to identify patterns several procedural steps of analysis have been conducted:
• As a first step, different phenomena of interdisciplinary collaboration are worked out that result from the researchers' perception. After having empirically reasoned a theoretical saturation 30 CIs have been transferred to three patterns. Through these three steps we are able to discuss the topic in a broader way. We have no indication, however, that our single case represents general CIs of IDR. But there are other empirical outcomes that corroborate our findings. These findings and all results are elaborately presented and discussed in "Interdisciplinary Research collaboration: Critical Incidents from the researchers' perspective" [1] . In this paper we focus on one selected pattern that deals with the elaboration of an integrated knowledge management with respect to reaching the common interdisciplinary vision. This is presented in the next section.
Results for Integrative Knowledge Management C.
Our research activities aimed at empirically exploring how researchers involved in the CoE perceive this mode of research. The research was also supposed to investigate what they need to challenge this mode of research. To reach an interdisciplinary integration during the research process the researchers involved demanded an integrative knowledge management. Its importance is shown in its support to accomplish the common interdisciplinary vision. The researchers involved demanded the continuous support of synchronization and adaptation of the individual research activities with regard to this vision. In this context, integrative describes the assumption that a combination of different supportive measures is of importance.
As far as the researchers' perception of interdisciplinary collaboration is concerned, it cannot be conducted by the mere addition of researchers from various disciplines. Hence, a continuous initiation of a project-, level-, and discipline-extensive networking is considered to be crucial. With regard to the common vision, an identification of interfaces is required, which, however, have to be continuously edited by means of an interactive exchange. It is also assumed that regular meetings are necessary to enable networking. In this context, it is important to provide a sufficient allocation of time for both the content-related negotiation processes, e.g. with regards to the common vision, and the social networking. The researchers involved also have to use these dates to meet and learn to appreciate each other in order to successfully work together in a team. Moreover, the researchers ascribe a significant role to so-called key persons who, however, are only capable of pushing ahead the active networking if a constant exchange between them and a reflection of research findings take place. The key persons are also supposed to have an overview on the contents and they need to be aware of their role. Furthermore, the researchers involved need a high motivation and willingness to participate in interdisciplinary collaborations. Both motivation and willingness can be supported by incentives, which is in line with the demands. In order to work on the common interdisciplinary vision, it is of importance to raise awareness for it. This raise of awareness can be supported by the researchers' demand for a visualization. With it, it is possible to localize researchers and projects within an overall image, which helps to identify and further process interfaces. Beyond that, it enables the researchers to consciously recognize and know their position and contribution to the overall goal.
A technical support is claimed to be necessary by the researchers involved, as the challenges to successful communication increase with working in an interdisciplinary collaboration. This technical support can, for instance, be realized by implementing a clearly structured, central communication platform. This technical, particularly virtual support is supposed to exceed a data management system. Furthermore, both a communication and cooperation platform and the visualization of the networking are considered to be important measures to handle staff turnover and to support the flow of communication and cooperation.
This demand of integrative knowledge management by the researchers of the CoE can be considered as being genera. But their elaboration is specific to each cluster and has to take place in close coordination with the respective 
BY TECHNICAL MEANS
The so-called Scientific Cooperation Portal is comprised of various apps, ranging from project management support to target-group-specific implementations. Based on the findings mentioned in chapter II. these apps have in common that they foster information dissemination on different levels within the CoE [15] and therefore support an integrative knowledge management by the connection of various information sources [26] . Thus, management support is given by basic features, e.g. a news section, a publication database and a calendar application.
More individualized aspects are addressed by a web app, which enables the user to identify interfaces between entities (e.g. projects or other persons) in the research cluster. This mainly aims at two identified CIs of IDR: The focus on communication and terminology as well as the identification and visualizing of connections [1] . These connections between entities are based on the usage of terminologies in this example: e.g. if two projects have a given set of terminologies in common, a connection between these two projects is displayed in the web application.
On the basis of this example a three step concept is outlined to address this idea: On the one hand the extraction of terminologies has to be discussed. On the other hand the mapping of entities has to be realized. The last step represents the visualization of the connection mentioned above.
Extraction of terminologies
A.
The first step in the identification process of connections can be seen in the extraction of terminologies from a given data source. As publications of all projects are stored in a common database on the Scientific Cooperation Portal, a process is necessary that allows the web application to access these publications and extract terminologies from the data source.
As Text Mining can be described as "a range of technologies for analyzing and processing semi-structured and unstructured text data" [27] this methodology can serve as one possible solution for the above mentioned challenge. After various pre-processing steps, including e.g. the tokenization of the publications as well as the filtering of stop words, POS-tagging is used to derive nouns from the publications as these word types are considered as main source for terminologies in the CoE. After that a standard tf-idf algorithm is applied to determine the frequencies of words within the publications. This aims at a vectorial description of the publications, which can be used in further processes. By combining several publications, which e.g. have been issued in the context of a project, a vectorial description of an entity within the research cluster becomes possible.
Within this vectorial description of frequencies various challenges concerning the linguistic properties of the terminologies have to be addressed. For example, socalled collocations are a typical challenge. These can be described as phrases which are considered to have an existence beyond the sum of the parts. This includes compounds (disk drive) or stock phrases (bacon and eggs) [28] . With this in mind the given publications are analyzed not only focusing the frequencies of words but also regarding words that are often used in combinations.
Mapping of Entities B.
After a vectorial description of terminologies has been created the second step represents the mapping of entities in order to derive statistically based connections. By using classification algorithms "the task is to classify a given data instance into a pre-specified set of categories" [29] . With the regard to the last chapter the pre-specified set of categories can been seen in the different entities (e.g. projects) in the CoE, which are described by the combined vectors of several publications. The web application then extracts terminologies from e.g. a new publication and uses a cluster algorithm to determine how likely this publication fits into the set of categories. The result is a set of probabilities, which can be used to describe the distance of a publication to the set of categories.
This leads to another thought in the context of distance between terminologies: the semantic similarity of words. The acquisition of meaning by automated systems is quite a challenge in Natural Language Processing. Approaches in this context focus mainly on a relative measure for semantic similarity, which can be used to determine how similar a word is to known words [28] . Thus, the relative measure enables the web application to classify the meaning of words by the use of vector space measures and binary similarity measures (e.g. Jaccard coefficient).
These similarity measures serve as mathematical method to describe the semantic meaning of a word in relation to other words. This is based on the analysis of frequency matrixes, which contain information about the context in which a word is used. Different matches e.g. between two contexts lead to higher ranking of semantic meaning between two words and therefore allow the web application to link these two words.
Visual data analysis C. The third step in the concept of the web application is the visualization of the above mentioned results. The main goal is to depict new connections for the user on the basis of common terminologies and, therefore, common (research) topics between the user's project and other entities in the CoE. Hence, the visualization has to map two major aspects:
• The extracted terminologies from the user's project to the terminologies of other projects. •
The semantic similarity of words in relation to other words used in the terminologies of the CoE. The first issue can be addressed by a metric that is based on the probabilities as described in section B of this chapter. As a consequence the probabilities serve as a measure of distance between entities in the CoE: If the classification reveals a higher probability, the depicted distance is closer and vice versa.
As the semantic similarity is represented by relative measures of one word in relation to another word (cf. in section B of this chapter), this aspect has also to be realized in the visualization. Therefore, this visualization has to depict word-to-word connections with regard to the relative measure of semantic similarity. One possible solution is a so-called tree graph (cf. Fig. 3 ). This tree graph allows the user to detect easily in how far a semantic similarity persists between its own terminologies and the terminologies used in other projects. Following this idea one goal of visual analytics, the synthesis of information and to communicate this assessment effectively for action is fulfilled [30] . Further aspects include separate pages for each terminology in a Wikipedia style: key-persons (e.g. experts) can contribute to the added-value of the application by integrating their knowledge in definitions and the recommendation of further sources (e.g. literature). The next step can be seen in further exchange on acquiring a common understanding of terminologies (e.g. workshops).
In this context the web application addresses the demands outlined in chapter II. On a shallow level the visualization part of the app enables the researchers to be aware of other activities within the CoE. Key-persons for each terminology become identifiable and potential synergies visible. These can be used to foster further exchange processes regarding the semantic differentiation of terminologies. Going more into detail, the visualization can be seen as the individual part of the researchers' contribution to the vision of the CoE. As the depicted terminologies represent the researchers' field of action the visualization of connections show the embedding in related fields. Therefore, this allows the researcher to recognize his placing within the CoE and the placing of his field of action in an overall context. EXPERIENCES AND OUTLOOK IV. The selected results give some indication of which aspects of interdisciplinary collaboration are important from the researchers' point of view to support the expected integration. Moreover, IDR is associated with high expectations, since synergies are supposed to be achieved. With regard to the common vision they demand a visualization since it is possible to localize researchers and projects within an overall image. Beyond that, the data have shown that it is essential to facilitate the expediting of the content-related networking by key persons. It is crucial for the key persons to be conscious about their role and that they are correspondingly promoted.
All these results underline the consensus on the insufficiency of merely adding researchers from various disciplines to make a research effort interdisciplinary. Therefore, integrative knowledge management has to be evaluated in a process-accompanying manner. In order to reinforce the findings it may be important to examine further research clusters to explore whether similar patterns can be identified. Additionally, to gain more insights into how CIs may vary in different scientific fields represents another important starting point for further research. The subsequent step is a quantification of the CIs. This aims at the development of quantified correlations between current qualitative statements.
As the web application is currently in conceptual stage the technical proof of concept has yet to be done. The major challenge behind this can be seen in the investigation of technical parameters, which enable the application to derive meaningful data from the Scientific Cooperation Platform database. If this has been finalized following steps will include support measures for the CoE researchers in order evaluate and stabilize the results shown in the application on a semantical level (like workshops etc.). On a technical level subsequent steps will include experiments with clustering algorithms in order to reveal thematic groups based on publication within the CoE, which are yet not revealed.
